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Why The Scale Setting in QCD is
a Key Issue?

To determine ois(Q?) to the highest precision;
To make precision tests of the QCD;

To eliminate the renormalization scale
ambiguity and the scheme dependence in the

observables;

To reach the maximum sensitivity to the NP,



The Renormalization Scale Problem in QED

* QEDis perturbative ;

* No ambiguity in the renormalization scale in QED;

 The renormalization scale in QED is physical and set by the exchanged
photon virtuality;

* Aninfinite series of Vacuum Polarization diagrams is resummed;

e The QED coupling is defined from physical observables (Gell Mann-Low
scheme);

 No scheme dependence is left;

* Analyticity (space-like/time-like);

* Exact number of active leptons is set;

* Recover of a conformal-like series;



QED: a Theoretical Constraint for QCD

QCD - Abelian Gauge Theory

In the limit : Nc - 0,
at fixed a=C,a,, n=n./C;

The scale setting procedure used in QCD
must be consistent with the QED

Huet, S.J.Brodsky



The road to scale setting /7 GCLD /s
paved with some rmisbeliefs

According to the Conventional practice :

The renormalization scale is arbitrarily guessed or picked by

judging its results «a posteriori»;

The renormalization scale is unique for each process;

The renormalization scale is a simple unphysical parameter;

* The renormalization and factorization scales are equal;
These assumptions are wrong either for QED

and than for QCD!
Other methods such as PMS and FAC lead to incorrect and
unphysical results violating important RG properties;



The Principle of Maximum Conformality
is the principle underlying the BLM

S. J. Brodsky, G. P. Lepage and P. B. Mackenzie, Phys. Rev. D 28, 228 (1983)
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Features of the PMC

All terms associated with the beta-function are included into
the running coupling;

PMC agrees with the QED in the Abelian limit;

No scale ambiguities;

Results are scheme independent ;

The PMC scale sets the correct number of active flavors;
Transitivity Property is preserved;

No renormalon n! growth in pQCD associated with the beta
function;

Resulting series is identical to conformal series! (CSR -
Crewther Relation ;)



PMC - Results for Event Shape
Variables distributions at NNLO

L.D.G., Stanley J. Brodsky, Sheng-Quan Wang and Xing-Gang Wu
* Phys.Rev.D 102 (2020) 1, 014015

Thrust and C-Par distribution at NNLO: process: e+e- - 3jets
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and G. Heinrich, JHEP 0712, 094 (2007).
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put. Phys. Commun. 133, 43 (2000).



PMC.. preserves the iCF: the intrinsic Conformality
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Global change of scale
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No redefinition of the conformal terms!
No initial scale dependence left.

The iCF is the most general RG invariant parametrization;
Other parametrizations can exist but are equivalent to iCF;



The ordered scale invariance
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ICF underlies Scale Invariance
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New «How to» method
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PMC. .NNLO event shape variables.
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PMC. scal

es for Thrust and C-par
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Correct physical behavior in the nonperturbative region (unlike
other methods e.g. PMS and FAC
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PMCo Results for Thrust at NNLO
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Comparison with Conv. Scale Sett.
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PMC- Results for C-parameter
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rison with Conv.Scale Setting

The PMC(uL0)
procedure leads
to stable results.
The last
unknown scale
can be fixed to
the last known.

PMC.. improves the results
In the multijet region and
the comparison with exp.
data all over the spectra.



Conclusions

The PMC._.is based on the PMC and preserves the iCF;
The iCF underlies the scale invariance;
We have shown «how to» easily apply PMC,_;

Event shape variables distributions results for T and C-par are in very
good agreement with data in a wide range of values;

The PMC._, improves the precision of the QCD predictions ;
Perspective in the short term

e Applcation of the PMC_, to other fundamental processes;
* Implementation with Large Log Resummation Techniques;



